Purpose: To evaluate the diet of 225 overweight and obese university students in four countries and to implement a web-based nutrition program. Methods: From the initially examined 1517 medical students from Poland, Belarus, Russia and Lithuania (aged 20.9±1.97 years) a subsample of 225 students (BMI > 25.0 kg/m 2 ) were selected. Body weight, height, the thickness of 3 skinfolds and body fat percentage were measured.The intake of energy and macronutrients was assessed using a 24-hour dietary recall. Tukey's test was used for comparison of dietary intake. Results: Russian women and men had higher anthropometic measurements and body fat percentages than others. Among women, excessive intake of proteins in Poland (16.2%) and Belarus (16.9%) and of fats in all groups were observed together with excessive energy share from saturated fatty acids (SFA). Among males, excessive intake of energy from proteins in Polish and Lithuanian students, and fat intake in all groups was observed. Conclusions and implications: The diet of overweight and obese students did not follow recommended guidelines. A nutritional program (web page www.zywienie. cm-uj.krakow.pl) was implemented which allows students to compare their diet to guidelines and modify it in order to decrease SFA and simple sugar intake. © Versita Sp. z o.o.
Introduction
Overweight and obesity are classified as a global epidemic by the World Health Organization [1] . Predictive data indicates that in 2015, aproximately 2.3 billion of adults will be overweight and more than 700 million will be obese [2] . Among adults in the United States, obesity prevalence increased from 13% to 32% between the 1960s and 2004 and by 2015, 75% of adults will be overweight or obese, and 41% will be obese [3] . On the basis of national data for Poland, the incidence of overweight is estimated to be 39-40% among men and 28-29% among women, while the percentage of obese men and women is 16-21% and 19-22% respectively [4] .
It is alarming that the prevalence of overweight and obesity is constantly increasing among children and teenagers. As defined by the IOTF standards, the prevalence of overweight an obesity amongst Chinese youngsters aged 7-17 years in 2002 was 5.3% (9.7% in urban and 3.8% in rural) [5] as compared to Australia and the USA where aproximetely 25% of children and adolescents have excessive body weight [3] . The data from EUROSTAT database [6] showed that in Poland, 26 .3% of males and 10.9% of females in the 18-24 age-group were overweight and 4.1% of males and 2.1% of females were obese. The highest level of obesity in this age group among males was observed in Malta (33.5% -overweight and 7.8% obese) and in the Czech Republic (32.2% 4.9%, respectively); and among females in Malta (16.7% -owerveighted and 10.7 obese) and Slovenia (14.2% and 4.0, respectively). The lowest prevalence of overweight and obesity was observed in France (15.5% and 2.8%) and Austria (18.3% and 5.0%) among males, and in Bulgaria (6.7% and 1.0%) and Slovakia (8.5% and 1.3%) among females. In the study of Mikolajczyk et al. [7] among university students from several countries, overweight and obesity among females were most prevalent in Denmark (13.3% and 4.7%) followed by Germany (8.9% and 3.1%); and among males in Germany (22.2 and 5.1%) followed by Denmark (20.0 and 4.4%). In this study of Polish students 5.8% of females were found to be overweight and 1.3% were obese and 14.4% of males were overweight and 1.3% obese respectively. In Lituania 4.7% females and 11.8% males were found to be overweight and 0.4% females and 0.2% males were obese.
It is assumed that such a situation is connected with some changes in life style, mainly with a decrease in physical activity and an increase in consumption of highenergy products. Improper dietary intake and consumption pattern leading to obesity is now the major reason of chronic diseases, including cardiovascular disease, hypertension, type II diabetes, lipid disturbances and certain types of cancers [8, 9] and childhood obesity may even be associated with significant morbidity [10] .
Maintaining a normal body weight and changing nutritional habits to remain healthy and become more healthy are the challenges for all people, but especially for young people. The sub-grop of young medical students is of interest. Their training should provide them with good awareness of those actions which help to maintain good health and to prevent diseases. Their future professional role will put them in a position to influence others about healthy life style and nutrition [11] . Students have been assessed for nutritional status and nutrients intake in various universities in different countries around the world. The students often make mistakes in nutritional behaviour -irregular meal patterns and the consumption of high energy snacks and associated with them the tendency to overweight and obesity [12, 13] , but female students may develop eating patterns enhancing the risk of malnutrition [14] . Our previous studies indicated that eating attitudes of Polish medical students are improper [15] .
The aim of the study was to evaluate the diet of overweight and obese medical students in four countries: Poland, Belarus, Russia and Lithuania and to highlight country differences in dietary pattern. In addition, a webbased nutrition program which gives students the possibility to compare their own dietary intakes with dietary recommendations and to introduce changes in dietary practices in order to decrease their saturated fatty acids (SFA) and simple sugar intake and to reduce the excess of bodyweight is presented.
Methods

Participants and settings
The study sample comprised of overweight and obese students who participated in the survey of university students from four countries. The total of 1517 medical students (mean age: 20.9±1.97 years) from four countries were included in the primary study sample: 614 from Poland (PL) -421 women and 193 men; 303 from Belarus (BY) -183 women and 120 men; 284 from Russia (RUS) -222 women and 62 men; and 316 from Lithuania (LT) -159 women and 157 men [16] .
There were 9.0% of overweight women (BMI: 25.0-29.9 kg/m 2 ) and 2,5% of obese women (BMI > 30.0 kg/ m 2 ) among 1517 students, with the following proportions: PL -9.7% and 1.4%; BY -6.7% and 0.5% ; RUS -11.7% and 5.0%; LT -5.7% and 4.4%. In the group of men, 17.8% were overweight and 3.5% were obese (PL -19.7% and 4.1%; BY-15.8% and 2.5%; RUS-17.7% and 6.5%; LT -16.9% and 2.5%) (Figure 1) . For the purpose of this study we examined overweight and obese students together as one group as shown in Table 1 .
The final sample size for this analysis consists of 225 students. All subjects gave informed consent prior to their recruitment for the study. The study got approval of Ethics Committee for Human Research of Jagiellonian University, Medical College. The study was conducted among the first-year university students from Medical Faculty and Health Protection Faculty. The students voluntarily participated in the study and the number of students in each country and of each sex was proportional for the total number of students in particular University.
Measures
For every participant, the following measurements were obtained: body weight (students were on an empty bladder, not having exercise, food or drink for at least three hours before having the measurements) and height (students were asked to take off their shoes), from which the Body Mass Index (BMI) was calculated. The following ranges of BMI were specified: <18.5 kg/ m 2 -underweight; 18.5-24.9 kg/m 2 -normal weight; 25.0-29.9 kg/m 2 -overweight; > 30.0 kg/m 2 -obesity. Body fat was measured by infrared interactance method with the use of Futrex 6100/ZL, FUTREX INC., Western Maryland Parkway, Hagerstown, which is comparable to underwater weighing. The thickness (mm) of triceps skin fold, subscapular skinfold and suprailiac skinfold were measured with the use of Lange Skinfold CalliperCambridge Scientific Instruments, Cambrige, MD). The circumference of arm muscles (cm) was measured according to the follow formula: arm circumference -(π x triceps skinfold) [17] . Actual food intake of each of the subjects was assessed using a 24-hour nutritional recall. Recalls covered 2 non-consecutive week days and one Sunday. Recall was performed with the help of "Album of products and meals portions" with 201 colourful photographs of food products and dishes [18] . This album was developed in Poland and translated into the official language of each country taking part in the research. Similar meanings of items in the particular language versions were ensured. The Album helped to assess kinds and sizes of daily meals. Recall was the basis for assessing quantitative content, composition and nutritional value of average daily nutrition ration (DNR). The mean energy values and the levels of basic food components and their share in DNR of examined students were calculated with the use of the computer program 'Diet II'.
Data analysis
The statistical package 'STATISTICA for Windows (version 9.0) was used for the data analysis. The anthropometric and nutritional parameters were compared in female and male groups from the four countries using Tukey's test, and differences were considered to be significant for p<0.05.
Results
Anthropometric measurements
Anthropometric characteristics of examined students are presented in Tables 2 and 3 . Among all overweight and obese women, the highest BMI value and the highest percentage of fatty tissue in total body mass as well as the thickness of all 3 skin folds was observed among Russian women, but this group also was characterized by the lowest arm circumference measurement ( Table 2) .
In case of men (similarly as in female group), the highest BMI value, percentage body fat, and thickness of skin folds were in Russian men. They also showed the lowest values of circumferences of arm muscles. It should be pointed out that Lithuanian men showed similar mean BMI value to men from other groups but they had the lowest percentage of body fat (Table 3) .
Diet assessment
The evaluation of diets of female and male students is shown in Table 4 and Figure 2 and 3.
In the female group the amount of energy from proteins was higher than the recommended range (10-15%) in case of women from Poland and Belarus, and it was statistically higher than in women from Russia and Lithuania. Fats provided more than 30% of energy in all examined groups, and it was on a similar level (recommended range: 15-30%). The fatty acids composition in the diets of all the examined groups had an excessively high share of saturated fatty acids (SFA), providing 12.8-14.0% of energy (recommendation <10%), and there were no statistically significant differences between particular groups. The percentage of energy from carbohydrates was too low (48.1-52.4%); (recommended range: 55-75%) and the simple sugar content was too high (10.7-14.0%) in the analyzed (recommendation <10%), especially among Russian and Lithuanian women (Figure 2 ). In the male group, the recommended range of energy from proteins was excessive in Polish and Lithuanian students and statistically higher than in Russian and Belarusian men. Similarly as in female group, the percentage of energy from fats was too high and from carbohydrates was too low in all the examined male groups. All men consumed too much saturated fatty (Figure 3 ).
Nutritional education
It was shown that nutritional habits deviated from the recommended nutritional guidelines. Therefore a special educational program about nutrition was prepared and implemented in Polish universities which participated in the study. The open-access web page www.zywienie.cm-uj.krakow.pl was created, where students could find information about nutrition and diet, dietary advice and, could check if their own dietary habits met dietary recommendations. The assessment of dietary intake is based on self-administered 24-hour dietary recall. Detailed information about how to perform the self-recall is given before using this application. To ensure the proper self-assessment of portion size the colorful photographs of food products commonly eaten in Poland together with their weight were included. The respondent can add or remove any item from his list of foods at any time, and at the final step, the user has to check once again if all food products or drinks eaten were listed. After entering the data the respondent has an opportunity to check intake of energy and macro-and micronutrients as well as percentage share of energy from proteins, carbohydrates and fats together with energy distribution pattern between meals. Moreover, coverage of recommended daily intakes (expressed as percentage of recommended intake with respect to gender, age, and physical activity level) for energy, and most important nutrients can be displayed. Because recording one day's intake may not accurately reflect the dietary habits, respondents are allowed to enter their dietary recall for more than one day and to check average intake for any number of days. This web application allows the respondent's nutritional choices to be compared to nutritional recommendations. The web page is in Polish and has been translated into Russian, Belarusian and Lithuanian languages to enable broader self-assessment of diet. This application is intended to evaluate not only current analysis of consumption but is also to plan dishes prepared from the products chosen from almost 950 existing ones in the database.
Discussion
Dietary pattern of the students was unsatisfactory in many aspects. It did not conform with recommendations and resulted in a diet which was imbalanced with respect to energy and basic nutrients. Improper nutritional patterns and quite high rates of obesity among students was surprising since it had could be assumed that medical students should have had better nutritional awareness and more restrictive attitudes to food consumption that follow nutritional recommendations. It is partially explained by Adams et al's observation that even though nutrition is universally viewed as important in health care curricula, the amount of nutrition education in US medical schools remains inadequate [19] . Also inadequate nutrition training over the past decade was reported by the majority of graduating US medical students [20] . This is why creating a proper model of teaching about nutrition and healhy behavior at the universities we studied is an important goal of our work. It is crucial to point out that the student lifestyle, especially in the first years at university, is often unhealthy [21] .
Students spend approximately six to nine hours sitting during the day, they are inclined to adopt sedentary habits after leaving home. They often do not have the skills to balance their money in relation to food and therefore they often consume the fast and junk foods because these foods are cheaper and more quickly available than cooking a full meal. Improper food habits, lack of time for regular meal patterns, skipping breakfast and consumption of high energy food have a big impact on the tendency towards overweight and obesity [14, 23] .
In the groups of students from Poland, Belarus, Russia and Lithuania, the degree of obesity was differentiated by gender and nationality, but in all examined populations the prevalence of overweight and obesity was high -on average 11% in all female groups and 21% in all male groups. Some of the other authors obtained similar results indicating more common in overweight and obesity among male than female students. They reported the following prevalence rate of overweight and obesity: in students from the State University of the Basque Country: 25% in males and 13.9% in females [24] , in medical students from the University of Crete: approximately 40% in males and 23% in females [25] and in Croatian university students: 21.9% of males and only 3.8% in females [26] .
In terms of eating behaviour, this study revealed inappropriate nutritional habits among students from four Central-Eastern European Countries (too much SFA, too many simple sugars, too little complex carbohydrates). This poor nutrition became a challenge to change it. Established scientific evidences indicate that consumption less saturated animal fats and more unsaturated vegetable oil-based fats, cutting the amount of salty and sugary foods in diet, eating more fruit and vegetables and maintaining a normal body weight are very important factors in the prevention of chronic nutrition-related diseases [1, 27] .
Implications for research and practise
Introducing web-based Nutri-Day application [28] into the life of students should be very advantageous and enables changes in personal nutrition and bevaviour. Experience of other web-beased nutritional interventions [29, 30] showed that the observed effect of these interventions was satisfactory in a short time span, but disappeared later on. Our experience with web-based nutritional application showed that individual possibility of checking the effect of some changes in nutrition that follow nutritional recommendations gives promising results [31] . Better motivation among students for decreasing weight and increasing physical exercices, which will help to reduce blood levels of fat metabolites and to improve general health status of students.
Similarly to the results of the investigation performed among adolescents in three countries (the United States, the Netherlands and Hungary) [32] , our investigation highlighted national differences in dietary practices and in the prevalence of overweight. It explores common factors that may shape dietary practices across countries.
